Abstract. This paper investigates how control theory could be applied to learning processes in engineering education. The initial point for the analysis is White's Double Loop learning model of human automation control modified for the education process where a set of governing principals is chosen, probably by the course designer. After initial training the student decides unknowingly on a mental map or model. After observing how the real world is behaving, a strategy to achieve the governing variables is chosen and a set of actions chosen. This may not be a conscious operation, it maybe completely instinctive. These actions will cause some consequences but not until a certain time delay. The current model is compared with the work of Hollenbeck on goal setting, Nelson's model of self-regulation and that of Abdulwahed, Nagy and Blanchard at Loughborough who investigated control methods applied to the learning process.
Introduction
The role of learning theory in Engineering Higher education in the UK has only been a topic of serious investigation since the 1970's following the expansion of higher education in the late 1960's, leading to the integrated use of the student centred project method of teaching. In the 1970's investment was put into the use of teaching machines (Skinner [1]) with few consistent results reported. This basic technology was replaced by the use of personal computers in the 1980's.
If we are expected to use the new online techniques embodied by "Massive Open Online Courses" (MOOC) then we need to have a much better understanding of the process of learning in engineering education. The accepted view in the UK is described in Houghton These components of learning are compatible with a control theoretic approach and the principle of feedback is a key component of all reflection activities. A Delay or knowledge "soak time" is acknowledged by most academics to be a normal component of the learning process. 
Control model of learning in higher education
In this section we propose a control model of a constrained learning process, the learning target for the model is gaining the knowledge and skill to manipulate a given computer package. The model shown in figure 3 represents the process of obtaining capability in using specialist software. It has been developed using the Kolb model of experiential learning and building on the control models of Abdulwahed et.al. This implementation incorporating a delay is supported by experimental data for the exponential model of delay to the learning process from the results of Towill [15] . The capability Cap has a desired value Cdes which is rated as 1 or 100%. The effort needed to reach this level of capability is E and the time delay between the effort being applied and the Cap value observed is represented by a time delay transfer function ( ) . The time constant T L is the time to reach 66% of the final value.
Each learner has a measure of the value of the capability achieved Cap. This measured value is FE*Cap and is different for each actor. The student recognises an error between the measured capability and the desired performance. He/she will then adjust the effort by a gain value Keff. This gain is in two parts, one fixed rate and an element caused by the pressure due to time remaining. These are indicated in figure 4. The effective gain increases as time progresses. This model uses a linear increase in gain but would probably be a greater rate e.g. parabolic. The model is described in equations 1 to 5 The individual effort, whether by using electronic sources or by critical thought, is modified by two factors; one is the action of the supervisor or tutor who then intervenes when the student is struggling and the other due to the student gaining peer group help, which may be substantial. Both of these add to the final capability without learning (usually). Both of these are represented in the same way but with different feedback errors; gains and time delays. The capability acquisition through the module is shown in figure 3 . With the constants used in this first example half the final capability is due to the action of the peer group support and help from the tutor. Note that even then in this case the student does not achieve 100% capability. Figure 6 shows the sensitivity of the capability to reduced student performance or reduced peer group contribution. The data used is based on observations of teaching MATALB to two sets of students in 1999 and 2010. In the two cases the contributions of peer effects were greater in 2010 than in 1999.
MOOCs for Learning
The early stage assessments of MOOCs, based on the uptake by the number of students registered, indicated a very promising trend towards a new way of learning. Various studies have now raised questions about the success rates and effectiveness of MOOCs for student learning (Santos et al, [17] ). Ramesh et al, [18] found a small clustering of student behaviour demonstrating engagement using these learning resources. Chen [19] argued that formal inclusion of regular feedback and interactions between the teacher and learner throughout the duration of the course is necessary for a successful and increased percentage of learning completion. In view of this and the applicable concept of value added feedback from supervisor intervention in the Control Model of Learning (figure 3) the design for MOOCs courses must be reassessed to ensure the incorporation of these elements. Specific and clear pedagogical designs must be embedded to facilitate and encourage this model of learning. Sample results show that the times of contribution and the amount of peer group contribution to be critical to reducing the time to learn a given set of operational skills for example the use of a given set of software applications. 
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